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Novel Chemical Compounds 
FIELD OF THE INVENTION 

This invention relates to newly identified inhibitors of kinases for treating various 
disorders. 

BACKGROUND OF THDE: INVENTION 

A number of polypeptide growth factors and hormones mediate their cellular effects 
through a signal transduction pathway. Transduction of signals firom the cell surface 
receptors for these ligands to intracellular effectors frequently involves 
phosphorylation or dephosphorylation of specific protein substrates by regulatory 
protein serine/threonine kinases (PSTK) and phosphatases. Serine/threonine 
phosphorylation is a major mediator of signal transduction in multicellular organisms. 
Receptor-bound, membrane-bound and intracellular PSTKs regulate cell proliferation, 
cell differentiation and signalling processes in many cell types. 

Aberrant protein serine/threonine kinase activity has been implicated or is suspected 
in a number of pathologies such as rheumatoid arthritis, psoriasis, septic shock, bone 
loss, many cancers and other proliferative diseases. Accordingly, serine/threonine 
kinases and the signal transduction pathways which they are part of are potential 
targets for drug design. 

A subset of PSTKs are involved in regulation of cell (^ding. These are the cyclin- 
dependent kinases or CDKs (Peter and Herskowitz, Cell 1994: 79, 181-184). CDKs are 
activated by binding to regulatory proteins cedled cydins and control passage of the 
cell through specific cell cycle checkpoints. For example, CDK2 complexed with cydin 
E allows cells to progress through the Gl to S phase transition. The complexes of 
CDKs and cyclins are subject to inhibition by low molecular weight proteins such as 
pl6 (Serrano et al, Natxire 1993: 366, 704), which binds to and inhibits CDK4. 
Deletions or mutations in pl6 have been implicated in a variety of tumors (Kamb et al, 
Sdence 1994: 264, 436-440). Therefore, the proUferative state of cells and diseases 
assodated with this state are dependent on the activity of CDKs and their assodated 
regulatory molecules. In diseases such as ceincer where inhibition of proliferation is 
desired, compounds that inhibit CDKs may be useful therapeutic agents. Conversely, 
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activators of CDKs may be useful where enhancement of proliferation is needed, such 
as in the treatment of immunodeficiency. 

YAKl, a PSTK with sequence homology to CDKs, was originally identified in yeast as 
a mediator of cell cycle arrest caused by inactivation of the cAMP-dependent protein 
kinase PKA (Garrett et al, Mol Cell Biol. 1991: 11, 4045-4052). YAKl kinase activity is 
low in cycling yeast but increases dramatically when the cells are arrested prior to the 
S-G2 transition. Increased expression of YAKl causes growth arrest in yeast cells 
deficient in PKA. Therefore, YAKl can act as a cell cycle suppressor in yeast. 

Our US patent no. 6,323,318 describes two novel himian homologs of yeast YAKl 
termed hYAK3-2, one protein longer than the other by 20 amino acids. hYAK3-2 
proteins (otherwise reported as REDK-L and REDK-S in Blood, 1 May 2000, Vol 95, 
No. 9, pp2838) are primarily localized in the nucleus. hYAK-2 proteins (hereinafter 
simply referred as hYAK3 or hYAK3 proteins) are present in hematopoietic tissues, 
such as bone marrow and fetal liver, but the RNA is expressed at significant levels 
only in ers^throid or erthropoietin (EPO)-responsive cells. Two forms of REDK cDNAs 
appear to be alternative splice products. Antisense REDK oligonucleotides promote 
erythroid colony formation by human bone marrow cells, without affecting colony- 
forming unit (CFU)-GM, CFU-G, or CPU-GEMM numbers. Maximal numbers of CPU- 
E and burst-forming unit-erythroid were increased, and CFU-E displayed increased 
sensitivity to suboptimal EPO concentrations. The data indicate that BEDK acts as a 
brake to retard erythropoiesis. Thus inhibitors of hYAK3 proteins are expected to 
stimulate proliferation of cells in which it is expressed. More particularly, inhibitors of 
hYAK3 proteins are usefiil in treating or preventing diseases of the erythroid and 
hematopoietic systems, caused by the hYAKS imbalance including, but not hmited to, 
neutropenia; cytopenia; anemias, including anemias due to renal insufBdenc^ or to 
chronic disease, such as autoimmunity or cancer, and drug-induced anemias; 
polycythemia; and myelosuppression. 

Another PSTK of importance in medicine is MK2 protein. C3rtokines can induce many 
of the key features of inflsunmatory disease and inhibition of their production or 
mechanism of action would be an appropriate therapeutic approach. Inhibition of p38 
MAP kinase has been demonstrated to decrease pro-inflammatory cytokine production 
including IL-1, TNF-a, IL-6, IL-8 and GMCSF, Inhibiting downstream of p38 may 
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allow for greater selectivity towards these kinases implicated in up-regulation of pro- 
inflammatory cytokines and may lead to compoxmds with improved safely profiles. 
MAPKAP K2 (MK2) lies downstream and is directly activated by p38 MAP kinase. It 
has been established that MK2 and p38 exist as a complex in the nucleus and that 
phosphorylation of MK2 by p38 results in the esqport of this complex from the nucleus 
to the cytoplasm (Ben-Levy et al., Curr Biol 1998; 8:1049-57). Thus MK2 not only acts 
as a substrate but also as a determinant of the cellular localization of p38y which is 
consistent with a role for MK2 in both transcriptional and translational events 

Data from the MK2 knock-out mouse has demonstrated an important role for this 
kinase in pro-inflammatory cytokine production. MK2 -/- knock-out mice exhibited a 
90% reduction in LPS-induced TNF-a production and were resistant to endotoxic 
shock. Spleen cells from the MK2 7- mice also demonstrated significant inhibition of 
the pro-inflammatory cytokines TNF-a, IL-lp, IFN-7 and IL-6 following LPS 
stimulation (Kotlyarov et al., Natiure Cell Biology 1999; 1:94-97). Compounds which 
are active against MK2 are believed to be useful in the treatment or prevention of 
rheumatoid arthritis, COPD, asthma, psoriasis, acute neuronal injury, heart failure, 
stroke, osteoarthritris, and ischemia reperfiision ii\jury. 

Compoimds of the present invention are foimd to have activities against hYAKS and/or 
MK2 proteins. 

SUMMARY OF THE INVENTION 

In a first aspect, the instant invention relates a method of inhibiting hYAKS and/or 
MK2 in a mammal; comprising, administering to the mammal a therapeutically 
effective amount of a compound of the formula I, or a salt, solvate, or a physiologically 
functional derivative tiiereof 
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in which 

Rl is hydrogen, -NH2, or Ci-ealkyl; 
S2 is hydrogen; or 



R2 is a radical of the formula 



in which W is a bond, -CHa-, -CH2CH2-, -C(=OK -NCHa-. or -NH- 

R is Ca^cycloalkyl, Ci^alkyl, hydrosgr, -NH2, (Ci-€alkyl)2N-, Ci-salkylO-, 
Ci.6alkylOCH2-, phenyl optionally and independently substituted with one to 
three Ci^alkyl, halogen, CwalkylO-, Ci^ylOC(=0)-, acetyl, NH2C(=0)-, 
FSO2-, -CFs, NH2SO2-, dimethylamino; HOCH2-, CH3NHC(=0)-, hydros, 
phenyl; or 

R is a radical of the formula 
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provided that W cannot be CH2 when point of attachment of R to W is os^gen 
or nitrogen. 



The preferred compounds of formula I is in which 



Rl is hydrogen, or Ci^alkyl; 
R2 is hydrogen; or 



R2 is a radical of the formula 



in which W is a bond, -CH2-, -CHaCH2-, -C(=0)-, -NCHs-, or -NH-; 

R is Ci-eal^l, hydroxy, -NH2, (Ci.6al^l)2N-, Ci^llgrlO-, CwalMOCHis-, 
phenyl optionally and independently substituted with one to three Ci-calkyl, 
halogen, Ci^alkylO-, Ci-6alkylOC(=0)-, -CF3, NH2SO2-, hydroxy, phenyl; or 

R is a radical of the formula 
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provided that W cannot be CH2 when point of attachment of R to W is oxygen 
or nitrogen. 

In a second aspect of the present invention, there is provided a pharmaceutical 
composition including a therapeutically effective amount of a compound of formula I» 
or a salt, solvate, or a physiologically functional derivative thereof and one or more of 
pharmaceutically acceptable carriers, diluents and excipients. 

In a third aspect of the present invention, there is provided the use of a compound of 
formula I, or a salt, solvate, or a physiologically functional derivative thereof in the 
preparation of a medicament for use in the treatment or prevention of a disorder 
mediated by the imbalance or inappropriate activity of hYAK3 and/or MK2 proteins, 
including but not limited to, neutropenia; cytopenia; anemias, including anemias due 
to renal insufficiency or to a chronic disease, such as autoimmunity or cancer, and 
drug-induced anemias; polycythemia; myelosuppression; rheimiatoid arthritis; COPD; 
asthma; psoriasis; acute nevironal injury; heart failure; stroke, osteoarthritris; and 
ischemia reperfusion injury. 

In a fourth aspect, the present invention relates to a method of treating or preventing 
a disease, caused by the hYAK3 and/or MK2 imbalance or inappropriate activity 
including, but not limited to, neutropenia; cytopenia; anemias, including anemias due 
to renal insufficiency or to a chronic disease, such as autoimmunity or cancer, and 
drug-induced anemias; polycythemia; myelosuppression; rheimiatoid arthritis; COPD; 
asthma; psoriasis; acute neuronal injury; heart failure; stroke, osteoarthritris; and 
ischemia reperfusion ii^ury; comprising, administering to a mammal a therapeutically 
effective amount of a compound of formula I, or a salt, solvate, or a physiologically 
functional derivative thereof and one or more of pharmaceutically acceptable carriers, 
diluents and excipients. 

In a fiflh aspect, the present invention relates to a method of treating or preventing 
neutropenia; cji^openia; anemias, including anemias due to renal insufficiency or to a 
chronic disease, such as autoinununity or cancer, and drug-induced anemias; 
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polypythemia; myelosuppression; rheumatoid arthritis; COPD; asthma; psoriasis; 
acute neuronal ii^ury; heart failure; stroke, osteoarthritris; and ischemia reperfusion 
ii\juiy; comprising, administering to a mammal a therapeutically effective amount of a 
compound of formula I, or a salt, solvate, or a physiologically functional derivative 
thereof and one or more of pharmaceutically acceptable carriers, diluents and 
excipients. 

DETAILED DESCRIPTION 

As used herein, the term "effective amount" means that amount of a drug or 
pharmaceutical agent that will elicit the biological or medical response of a tissue, 
system, animal or human that is being sought, for instance, by a researcher or 
clinician. Furthermore, the term ^erapeutically effective amount" means any 
amount which, as compared to a corresponding subject who has not received such 
amoimt, results in improved treatment, healing, prevention, or amelioration of a 
disease, disorder, or side effect, or a decrease in the rate of advancement of a disease 
or disorder. The term also includes within its scope amounts effective to enhance 
normal physiological function. 

As used herein, the term "alkyl" refers to a straight or branched chain hydrocarbons. 
Thus, "Cx-ealkyr refers to an alkyl group which contains at least 1 and at most 6 
carbon atoms. Examples of "Ci-ealkyl" groups useful in the present invention include, 
but are not limited to, methyl, ethyl, propyl, isopropyl, isobutyl, n-butyl, n-pentyl, n- 
hexyl, and the like. 

As used herein, the term '^halogen" refers to fluorine (F), chlorine (CI), bromine (Br), or 
iodine (I). 

As used herein, the term "Ca-ecycloalkyr refers to a non-aromatic cyclic hydrocarbon 
ring having from three to six carbon atoms. Exemplary "Cs-ecycloalkyr groups include 
<ycIopropyl, cyclobutyl, cyclopentyl, and cyclohes^l. 

As used herein, the term "optionall}^" means that the subsequently described eventCs) 
may or may not occur, and includes both event(s), which occiur, and events that do not 
occur. 
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As used herein, the term 'physiologically functional derivative" refers to any 
phannaceutically acceptable derivative of a compound of the present invention, for 
example^ an ester or an amide, which upon administration to a mammal is capable of 
providing (directly or indirectly) a compoimd of the present invention or an active r 
metabolite thereof Such derivatives are clear to those skilled in the art, without 
imdue experimentation, and with reference to the teaching of Burger's Medicinal 
Chemistry And Drug Discovery, 5th Edition, Vol 1: Principles and Practice, which is 
incorporated herein by reference to the extent that it teaches physiologically functional 
derivatives. 

As used herein, the term **solvate" refers to a complex of variable stoichiometry formed 
by a solute (in this invention, a compound of formula I or a salt or physiologically 
functional derivative thereof) and a solvent. Such solvents for the purpose of the 
invention may not interfere with the biological activity of the solute. Examples of 
suitable solvents include, but are not limited to, water, methanol, ethanol and acetic 
acid. Preferably the solvent used is a pharmaceutically acceptable solvent. Examples 
of suitable pharmaceutically acceptable solvents include, without limitation, water, 
ethanol and acetic add. Most preferably the solvent used is water. 

As used herein, the term ^substituted" refers to substitution with the named 
substituent or substituents, multiple degrees of substitution being allowed unless 
otherwise stated. 

Certain of the compoimds described herein may contain one or more chiral atoms, or 
may otherwise be capable of existing as ty/o enantiomers. Accordingly, the compounds 
of this invention include mixtures of enantiomers as well as purified enantiomers or 
enantiomerically enriched mixtures. Also included within the scope of the invention 
are the individual isomers of the compounds represented by formula I above as well as 
any wholly or partially equilibrated mixtures thereof. The present invention also 
covers the individual isomers of the compoxmds represented by the formulas above as 
mixtures with isomers thereof in which one or more chiral centers are inverted. Also, 
it is understood that all tautomers and mixtures of tautomers are included within the 
scope of the compoimds of formula I. 

Typically, the salts of the present invention are pharmaceutically acceptable salts. 
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Salts encompassed within the term "pharmaceutically acceptable salts" refer to non- 
toxic salts of the compounds of this invention. Salts of the compounds of the present 
invention may comprise add addition salts derived from a nitrogen on a substituent in 
the compound of formula I. Representative salts include the following salts: acetate, 
benzenesulfonate, benzoate, bicarbonate, bisulfate, bitartrate, borate, bromide, 
calcium edetate, camsylate, carbonate, chloride, clavulanate, citrate, dihydrochloride, 
edetate, edisylate, estolate, esylate, fumarate, gluceptate, gluconate, glutamate, 
glycoUylarsanilate, hexylresorcinate, hydrabamine, hydrobromide, hydrochloride, 
hydroxynaphthoate, iodide, isethionate, lactate, lactobionate, laurate, malate, maleate, 
mandelate, mesylate, methylbromide, methylnitrate, methylsulfate, monopotassium 
maleate, mucate, napsylate, nitrate, N-methylglucamine, oxalate, pamoate 
(embonate), palmitate, pantothenate, phosphate/diphosphate, polygalacturonate, 
potassium, salicylate, sodium, stearate, subacetate, succinate, tannate, tartrate, 
teoclate, tosylate, triethiodide, trimethylammonium and valerate. Other salts, which 
are not pharmaceutically acceptable, may be useful in the preparation of compounds of 
this invention and these form a further aspect of the invention. 

While it is possible that, for use in therapy, therapeutically effective amounts of a 
compound of formula I, as well as salts, solvates and physiological functional 
derivatives thereof, may be administered as the raw chemical, it is possible to present 
the active ingredient as a pharmaceutical composition. Accordingly, the invention 
further provides pharmaceutical compositions, which include therapeutically effective 
amounts of compounds of the formula I and salts, solvates and physiological fimctional 
derivatives thereof, and one or more pharmaceutically acceptable carriers, diluents, or 
exdpients. The compounds of the formula I and salts, solvates and physiological 
functional derivatives thereof, are as described above. The carrier(s), diluent(s) or 
exdpient(s) must be acceptable in the sense of being compatible with the other 
ingredients of the formulation and not deleterious to the redpient thereof. In 
accordance with another aspect of the invention there is also provided a process for the 
preparation of a pharmaceutical formulation including admixing a compoimd of the 
formula I, or salts, solvates and physiological functional derivatives thereof, with one 
or more pharmaceutically acceptable carriers, diluents or exdpients. 

Pharmaceutical formulations may be presented in vinit dose forms containing a 
predetermined amount of active ingredient per unit dose. Such a imit may contain, for 
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example, O.Smg to Ig, preferably Img to TOOmg, more preferably 5mg to lOOmg of a 
compound of the formula I, depending on the condition being treated, the route of 
administration and the age, weight and condition of the patient^ or pharmaceutical 
formulations may be presented in unit dose forms containing a predetermined amount 
of active ingredient per unit dose. Preferred unit dosage formulations are those 
containing a daily dose or sub-dose, as herein above recited^ or an appropriate fraction 
thereof, of an active ingredient. Furthermore, such pharmaceutical formulations may 
be prepared by any of the methods well known in the pharmacy 

Pharmaceuticai fonnulations may be adapted for administration by any appropriate 
route, for example by the oral (including buccal or sublingual), rectal, nasal, topical 
(including buccal, sublingual or transdermal), vaginal or parenteral (including 
subcutaneous, intramuscular, intravenous or intradermal) route. Such formulations 
may be prepared by any method known in the art of pharmacy, for example by 
bringing into association the active ingredient with the carrier(s) or excipient(s). 

Pharmaceutical formulations adapted for oral administration may be presented as 
discrete units such as capsules or tablets; powders or granules; solutions or 
suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in-water 
liquid emulsions or water-in-oil liquid emulsions. 

For instance, for oral administration in the form of a tablet or capsule, the active drug 
component can be combined with an oral, non-toxic pharmaceutically acceptable inert 
carrier such as ethanol, glycerol, water and the like. Powders are prepared by 
comminuting the compound to a svdtable fine size and mixing with a similarly 
comminuted pharmaceutical carrier such as an edible carbohydrate, as, for example, 
starch or mannitol. Flavoring, preservative, dispersing and coloring agent can also be 
present. 

Capsules are made by preparing a powder mixture, as described above, and filling 
formed gelatin sheaths. Glidants and lubricants such as colloidal silica, talc, 
magnesium stearate, calciimi stearate or solid polyethylene glycol can be added to the 
powder mixture before the filling operation. A disintegrating or solubilizing agent 
such as agar-agar, calciiun carbonate or sodium carbonate can also be added to 
improve the availability of the medicament when the caps\ale is ingested. 
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Moreov^, when desired or necessary, suitable binders, lubricants, disintegrating 
agents and coloring agents can also be incorporated into the mixture. Suitable binders 
include starch, gelatin, natural sugars such as glucose or beta-lactose, com 
sweeteners, natural and synthetic gums such as acada, tragacanth or sodium alginate, 
carboxymethylcellulose, polyethylene glycol, waxes and the like. Lubricants used in 
these dosage forms include sodium oleate, sodium stearate, magnesimn stearate, 
sodium benzoate, sodium acetate, soditim chloride and the like. Disintegrators 
include, without limitation, starch, methyl cellulose, agar, bentonite, xanthan gum and 
the like. Tablets are formulated, for example, by preparing a powder mixture, 
granulating or slugging, adding a lubricant and disintegrant and pressing into tablets. 
A powder mixture is prepared by mixing the compound, suitably comminuted, with a 
diluent or base as described above, and optionally, with a binder such as 
carboxymethylcellulose, an aliginate, gelatin, or polyvinyl pyrrolidone, a solution 
retardant such as paraffin, a resorption accelerator such as a quaternary salt and/or 
an absorption agent such as bentonite, kaolin or dicalcium phosphate. The powder 
mixture can be granulated by wetting with a binder such as sjnnip, starch paste, 
acadia mucilage or solutions of cellidosic or polymeric materials and forcing through a 
screen. As an alternative to granulating, the powder mixture can be run through the 
tablet machine and the result is imperfectly formed slugs broken into granules. The 
granules can be lubricated to prevent sticking to the tablet forming dies by means of 
the addition of stearic acid, a stearate salt, talc or mineral oil. The lubricated mixture 
is then compressed into tablets. The compounds of the present invention can also be 
combined with a free flowing inert carrier and compressed into tablets directly without 
going through the granulating or slugging steps. A clear or opaque protective coating 
consisting of a sealing coat of shellac, a coating of sugar or pol3mieric material and a 
polish coating of wax can be provided. Dyestufi& can be added to these coatings to 
distinguish different unit dosages. 

Oral fluids such as solution, syrups and elixirs can be prepared in dosage unit form so 
that a given quantity contains a predetermined amo\mt of the compoimd. Syrups can 
be prepared by dissolving the compound in a suitably flavored aqueous solution, while 
elixirs are prepared through the xise of a non-toxic alcoholic vehicle. Suspensions can 
be formulated by dispersing the compoimd in a non-toxic vehicle. Solubilizers and 
emulsifiers such as ethoxylated isostearyl alcohols and polyoxy ethylene sorbitol 
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ethers, preservatives, flavor additive such as peppermint oil or natural sweeteners or 
saccharin or other artificial sweeteners, and the like can also be added. 

Where appropriate, dosage unit formulations for oral administration can be 
microencapsulated. The formulation can also be prepared to prolong or sustain the 
release as for example by coating or embedding particulate material in polymers, wax 
or the like. 

The compoimds of formula I, and salts, solvates and physiological functional 
derivatives thereof, can also be administered in the form of liposome delivery systems, 
such as small unilamellar vesicles, large unilamellar vesicles and multilamellar 
vesicles. Liposomes can be formed from a variety of phospholipids, such as cholesterol, 
stearylamine or phosphatidylcholines. 

The compounds of formula I, and salts, solvates and physiological functional 
derivatives thereof may also be delivered by the use of monoclonal antibodies as 
individual carriers to which the compound molecules are coupled. The compounds 
may also be coupled with soluble polymers as targetable drug carriers. Such polymers 
can include polyvinylpyrrolidone, pyran copolymer, polyhydroi^ropylmethacrylamide 
-phenol, polyhydro^ethylaspartamidephenol, or polyethyleneoxidepolylysine 
substituted with palmitoyl residues. Furthermore, the compounds may be coupled to a 
class of biodegradable polymers useful in achieving controlled release of a drug, for 
example, polylactic add, polepsilon caprolactone, polyhydroigr butyric acid, 
polyorthoesters, polyacetals, polydihydropyrans, polyiyanoacrylates and cross-linked 
or amphipathic block copol3nners of hydrogels. 

Pharmaceutical formulations adapted for transdermal administration may be 
presented as discrete patches intended to remain in intimate contact with the 
epidermis of the recipient for a prolonged period of time. For example, the active 
ingredient may be delivered from the patch by iontophoresis as generally described in 
Pharmaceutical Research, 3(6), 318 (1986). 

Pharmaceutical formulations adapted for topical administration may be formulated as 
ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays, 
aerosols or oils. 
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For treatments of the eye or other external tissues, for example mouth and skin, the 
formulations are preferably applied as a topical ointment or cream. When formulated 
in an ointment, the active ingredient may be employed with either a paraffinic or a 
water-miscible ointment base. Alternatively, the active ingredient may be formulated 
in a cream with an oil-in-water cream base or a water-in-oil base. 

Pharmaceutical formulations adapted for topical administrations to the eye include 
eye drops wherein the active ingredient is dissolved or suspraded in a suitable carrier, 
especially an aqueous solvent. 

Pharmaceutical formulations adapted for topical administration in the mouth include 
lozenges, pastilles and mouth washes. 

Pharmaceutical formvdations adapted for rectal administration may be presented as 
suppositories or as enemas. 

Pharmaceutical formulations adapted for nasal administration wherein the carrier is a 
solid include a coarse powder having a particle size for example in the range 20 to 500 
microns which is administered in the maimer in which snuff is taken, i.e. by rapid 
inhalation through the nasal passage from a container of the powder held dose up to 
the nose. Suitable formulations wherein the carrier is a liquid, for administration as a 
nasal spray or as nasal drops, include aqueous or oil solutions of the active ingredient. 

Pharmaceutical formtdations adapted for administration by inhalation include fine 
particle dusts or mists, which may be generated by means of various types of metered, 
dose pressurised aerosols, nebuhzers or insufSators. 

Pharmaceutical formulations adapted for vaginal administration may be presented as 
pessaries, tampons, creams, gels, pastes, foams or spray formulations. 

Pharmaceutical formulations adapted for parenteral administration include aqueous 
and non-aqueous sterile injection solutions which may contain anti-oxidants, buffers, 
bacteriostats and solutes which render the formtdation isotonic with the blood of the 
intended recipient; and aqueous and non-aqueous sterile suspensions which may 
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indude suspending agents and thickening agents. The formulations may he presented 
in unit-dose or multi-dose containers, for example sealed ampoules and vials, and may 
be stored in a freeze-dried (lyophilized) condition requiring only the addition of the 
sterile liquid carrier, for example water for injections, immediately prior to use. 
Extemporaneous iz^ection solutions and suspensions may be prepared from sterile 
powders, granvdes and tablets. 

It should be xmderstood that in addition to the ingredients particularly mentioned 
above, the formulations may include other agents conventional in the art having 
regard to the type of formulation in question, for example those suitable for oral 
administration may include flavouring agents. 

A therapeutically effective amoimt of a compound of the present invention will depend 
upon a number of factors including, for example, the age and weight of the animal, the 
precise condition reqtiiring treatment and its severity, the nature of the formulation, 
and the route of administration, and will ultimately be at the discretion of the 
attendant physician or veterinarian. However, an effective amoimt of a compound of 
formula I for the treatment of or prevention of diseases caused by hYAKS and/or MK2 
imbalance or inappropriate activity including, but not limited to, neutropenia; 
cytopenia; anemias, including anemias due to renal insufficiency or to a chronic 
disease, such as autoimmunity or cancer, and dmg-induced anemias; polycythemia; 
myelosuppression; rheimiatoid arthritis; COPD; asthma; psoriasis; acute neuronal 
injury; heart failure; stroke, osteoarthritris; and ischemia reperfusion injury; will 
generally be in the range of 0.1 to 100 mg/kg body weight of recipient (mammal) per 
day and more usually in the range of 1 to 10 mg/kg body weight per day. Thus, for a 
70kg adult mammal, the actual amount per day would usually be from 70 to 700 mg 
suid this amount may be given in a single dose per day or more usually in a number 
(such as two, three, four, five or six) of sub-doses per day such that the total daily dose 
is the same. An effective amoxmt of a salt or solvate, or physiologically functional 
derivative thereof, may be determined as a proportion of the effective amount of the 
compoimd of formula I per se. It is envisaged that similar dosages would be 
appropriate for treatment of the other conditions referred to above. 

Method of Preparation 
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Compounds of general formula I may be prepared by methods known in the art of 
organic synthesis as set forth in part by the following synthesis schemes. In all of the 
schemes described below, it is well understood that protecting groups for sensitive or 
reactive groups are employed where necessary in accordance with general principles of 
chemistry. Pn>tecting groups are manipulated according to standard methods of 
organic synthesis (T. W, Green and P, G. M. Wuts (1991) Protecting Groups in Organic 
Synthesis, John Wiley & Sons). These groups are removed at a convenient stage of the 
compound synthesis using methods that are readily apparent to those skilled in the 
art. The selection of processes as well as the reaction conditions and order of their 
execution shall be consistent with the preparation of compoimds of formula L Those 
skilled in the art will recognize if a stereocenter exists in compounds of formula I, 
Accordingly, the present invention includes both possible stereoisomers and includes 
not only racemic compounds but the individual enantiomers as well. When a 
compound is desired as a single enantiomer, it may be obtained by stereospecific 
synthesis or by resolution of the final product or any convenient intermediate. 
Resolution of the final product, an intermediate, or a starting material may be effected 
by any smtable method known in the art. See, for example, Stereochemistry of 
Organic Compounds by E. L. Eliel, S. H. Wilen, and L. N. Mander (Wiley-Intersdence, 
1994). 

More particularly, the compounds of the formula I can be made by the process of 
Scheme A or a variant thereof. Examples which follow describe how some 
representative compounds of the present invention can be made according to the 
process described in Scheme A or a variant thereof. 

Scheme A 
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I 



In Scheme A, the radicals R, W, Rl, and R2 are as defined in formula I. As an 
example of a variant of process A for making a compound of formula I, a compound of 
formula II may need not be added to the compound of formula 4 in the last step, but 
rather a compound of formula HNR3R4 can be added. Here the radical -NR3R4 is a 
group which can be later converted to -NR1R2; few such variations are examplified 
below. 

Specific Embodiments - Examples 

As used herein the symbols and conventions used in these processes, schemes and 
examples are consistent with those used in the contemporary scientific literature, for 
example, the Journal of the American Chemical Society or the Journal of Biological 
Chemistry. Standard single-letter or three-letter abbreviations are generally used to 
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I 



designate amino acid residues, which are assumed to be in the L-configuration unless 
othenA/ise noted. Unless othenAfise noted, all starting materials were obtained from 
commercial suppliers and used without further purification. Specificaity, the following 
abbreviations may be used in the examples and throughout the specification: 



g (grams); 
L (liters); 
pL (microliters); 
M (molar); 
i. V. (intravenous); 
MIHz (megahertz); 
mmol (millimoles); 
min (minutes); 
mp (melting point); 
Tr (retention time); 
MeOH (methanol); 
TEA (triethylamine); 
TFAA (trifluoroacetic anhydride); 
DMSO (dimethyisulfoxide); 
DME (1 ,2-dimethoxyethane); 
DCE (dichloroethane); 



mg (milligrams); 
mL (milliliters); 

psi (pounds per square inch); 

mM (millimolar); 

Hz (Hertz); 

mol (moles); 

rt (room temperature); 

h (hours); 

TLC (thin layer chromatography); 
RP (reverse phase); 
i-PrOH (isopropanol); 
TFA (trifluoroacetic acid); 
THF (tetrahydrofuran); 
AcOEt (ethyl acetate); 
DCM (dichloromethane); 



DMF (N,N-dimethylfonmamide); 
DMPU {N,N'-dimethylpropyleneurea); CDI (1.1-cart3onyldiimidazole); 
IBCF (isobutyl chlorofomiate); HOAc (acetic acid); 

HOSu (N-hydroxysuccinimide); HOBT (1 -hydroxybenzotriazole); 
mCPBA (meta-chloroperbenzoic acid; EDC (ethylcarfoodiimide hydrochloride); 
BOC (tert-butyloxycart3onyl); FMOC {9-fluorenylmethoxycarbonyl); 

DCC (dicyclohexylcari3odiimide); CBZ (benzyloxycarbonyl); 

atm (atmosphere); 
TMS (trimethylsiiyi); 
TBS (t-butyldimethylsiiyi); 
BSA (bovine serum albumin) 
HRP (horseradish peroxidase); 



Ac (acetyl); 

TMSE {2-(trimethylsilyl)ethyl); 
TIPS (triisopropylsilyl); 
DMAP (4-dlmethyIaminopyridine); 
ATP (adenosine triphosphate); 
DMEI\^ (Dulbecco's modified Eagle medium); 
HPLC (high pressure liquid chromatography); 
BOP (bi8(2-oxo-3-oxazolidlnyl)phosphinic chloride); 
TBAF (tetra-n-butylammonlum fluoride); 

HBTU (O-Benzotriazole-1 -yl-N,N,N',N'-tetramethyluronlum hexafluorophosphate). 
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HEPES (4-(2-hydroxyethyl)-1-piperazine ethane sulfonic acid); 

DPPA (diphenylphosphoryt azide); 

fHN03 (fumed HN03): and 

EDTA (ethylenediaminetetraacetic acid). 

All references to ether are to diethyl ether; brine refers to a saturated aqueous solution of 
NaCL Unless othenvise indicated, all temperatures are expressed in °C (degrees 
Centigrade). All reactions are conducted under an inert atmosphere at room temperature 
unless otherwise noted. 

NMR spectra were recorded on a Brucker AVANCE-400. Chemical shifts are 
expressed in parts per million (ppm, 5 units). Coupling constants are in units of hertz (Hz). 
Splitting patterns describe apparent multiplicities and are designated as s (singlet), d 
(doublet), t (triplet), q (quartet), quint (quintet), m (multiplet), br (broad). 

LC-MS were recorded on a micromass ZMD and Waters 2690. All mass spectra were 
taken under electrospray ionization (ESI) methods. Most of the reactions were monitored 
by thin-layer chromatography on 0.25 mm E. Merck silica gel plates (60F-254), visualized 
with UV light, 5% ethanolic phosphomolybdic acid or p-anisaldehyde solution. Flash 
column chromatography was perfonmed on silica gel (230-400 mesh, Merck). 



Example 1. 2-(2.6-Dimethoxv-phenvlamino>-9-methoxv-6.7-dihvdro-Pvrimidor6,1- 
alisoaulnolln-4-one lla) 




4 



a. r2-<3-Methoxv-Dhenvn-ethvn-urea (2^ 
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M 0< 




To a solution of 2-(3-methoxy-phenyl)-ethylamine (1) (50.0 g, 331 mmol) and concentrated 
HCI (27.6 mL) in water (350 mL), potassium cyanate (28.2 g, 348 mmol) was added and 
stirred at SO°C for 2 hours, then at room temperature for 2 days. Formed precipitate was 
collected by filtration. The solid was washed with water and dried under reduced pressure 
to give the title compound (53.4 g. 83%). MS (ESI) (M+H)^ 1 95. 

b. 1 42-^ 3-Methoxv-phenvlVethvn-pvrl mldine-2.4.6-trlone (3^ 



To a solution of NaOEt (144 mmol, fleshly prepared from 3.3 g of Na) in EtOH (80 mL), a 
solution of ethyl malonate (2) (22 mL, 144 mmol) in EtOH (250 mL) was added. The 
mixture was refluxed then added a solution of [2-(3-methoxy-phenyl)-ethyl]-urea (2) (23.3 
g, 120 mmol) in EtOH (300mL). The reaction mixture was refluxed overnight, then cooled 
to room temperature. The mixture was acidified carefully with 1M HCI aq. then poured into 
water (1 L). The precipitate which was formed was collected by filtration, washed with 
water then dried under reduced pressure to give the title compound (23.2 g. 74%). MS 
(ESI) (M+Hf 263. 



0. 2-Chloro«9-methoxv-6.7-dihvdro>pvrimidof6.1-a1lsoquinolin-4-one (4) 

A suspension of 1-[2-(3-methoxy-phenyl)-ethyll-pyrimidine-2,4,6-trione (3) (18.5 g, 70.3 
mmol) in POCI3 (175 mL) was stinted at 80**C ovemight. The solvent was removed by 
evaporation. To the residue, an ice-water was added, then basified with NaOH aq. The 
mixture was extracted with CH2CI2 then the organic layer was dried over NaaSOA. After 
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evaporation, the residue was recrystallized from MeOH to give the title compound (16.1 g, 
87 %). m (ESI) (M+Hr 263. 

d. 2-(2,60lmethoxv>phenvlamlnol-9-methoxv-6.7-dihvdro-Pvrimidor6,1- 
a1lsoauinolln-4-one (\a) 




To a suspension of 2-chloro-9-metho)cy-6,7-dlhydro-pyrimido[6,1-alisoquinorm-4-one (41 
(105 mg. 0.4 mmol) In EtOH (10 mL), 2.6-dimethoxyaninne (153 mg, 1.0 mmol) was added 
and stirred at 75°C overnight. After cooling, the mixture was purified on BondElut® SCX 
(Varian Incorporated) (then recrystallized from MeOH to give the title compound (31 .4 mg, 
21%). 'H-NMR (400 MHz, de-DMSO) 8 8.48 (s, 1H), 7.64 (br. 1H). 7.26 (t. 1H), 6.96 (s, 
2H), 6.74 (d. 2H), 6.32 (br. 1H), 3.92 (t. 2H), 3.82 (s. 3H), 3.74 (s, 6H) and 2.93 (t. 2H); MS 
(ESI) (M+H)^ 380. 

Example 2. 2-(1 H-lndazol-5-vlamino>-9-methoxv-6,7-dihvdro-pvrimidor6.1 - 
a1lsoauinolin-4-one (\hi 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,1- 
a]isoquinolin-4-one (4) and 1 H-indazol-5-ylamine as in Example 1 d. ^H-NMR (400 MHz, 
de-DMSO) 8 13.00 (br, 1H). 9.60 (s. 1H), 8.36 (br, 1H), 8.06 (s, 1H), 7.69 (d, 1H). 7.51 (m, 
2H), 7.10-6.95 (2H), 6.35 (s. 1H). 3.99 (t, 2H), 3.84 (s, 3H) and 2.97 (t, 2H); MS (ESI) 
(M+H)* 360. 
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Example 3« 9-MethoxV"2-f2-methoxv«6'methvl'PhenvlamlnoY-6,7-dlhvdro- 
pvrimldor6.1-allsoaulnoHn-4<>ne lldi 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyiimido[6,1- 
a]isoquinolin-4-one (4) and 2-methoxy-6-methyl-aniline as in Example 1 d. ^H-NMR (400 
MHz, ds-DMSO) 5 8.71 (br, 1H), 7.71 (br, 1H), 7,35-6.80 (5H), 6.39 (br, 1H), 3.92 (br. 2H), 
3.83 (br, 3H), 3.74 (br. 3H). 2.94 (t, 2H) and 2.14 (br, 3H); MS (ESI) (M+Hf 364. 

Example 4. 241 H-lnda20l-6-vlamlnoV9-methoxv-6.7-dlhvdro-Pvrlmidor6,1 - 
alisoaulnolln-4-one fld) 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6.1- 
a]isoquinolin-4-one (4) and 1H-indazol-6-ylamine as in Example 1 d. ^H-NMR (400 MHz, 
de-DMSO) 8 12.95 (br. 1H). 9.76 (s, 1H). 8.60 (s. 1H), 7.96 (s. 1H). 7.72-7.60 (2H), 7.15- 
6.95 (3H), 6.42 (s, 1H). 4.01 (t, 2H), 3.85 (s, 3H) and 2.98 (t. 2H); MS (ESI) (M+H)* 360. 

Example 5. 2-f2-BrDmo-phenv1amino)-9-methoxv-6,7-dlhvdrO"Pvrimidof6.1" 
a1isoqulnolin-4"One del 



23 



TC00003P 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,1- 
a]isoqumolin-4-one (4) and 2-bromo-aniline as in Example 1 d. ^H-NMR (400 MHz, de- 
DMSO) 5 9.06 (br. 1H). 7.76 (br, 1H), 7.69 (2H), 7.41 (t, 1H). 7.16 (t. 1H), 7.05-6.95 (2H). 
6.47 (br. 1H), 3.96 (t, 2H). 3.84 (s. 3H) and 2.96 (t. 2H); MS (ESI) (M+H)* 398. 400. 

Exmaple 6, 3-f9-MethQxv-4-oxo-6,7-dihvdro^H-Pvrlniidor6,1-a1lsoQulnolln-2- 
vlamlnoVbenzenesutfonamide flft 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimldo[6,1- 
a]isoquinolin-4-one (4) and 3-amino-benzenesulfonamide as in Example 1 d. ^H-NMR 
(400 MHz, de-DMSO) 5 9.91 (s. 1H), 8.17 (d, 1H), 8.11 (s. 1H). 7.70 (d, 1H), 7.54 (t, 1H), 
7.48 (d, 1H), 7.39 (br, 2H). 7.05-6.98 (2H). 6.37 (s, 1H), 4.00 (t. 2H). 3.85 (s, 3H) and 2.98 
(t. 2H); MS (ESI) (M+H)* 399. 

Example 7. 2>(2-Chloro-phenvlamlnoV9-nnethoxv-6,7-dihvdro-Dvrlmidor6,1- 
allsoQuinolln'4'One fig) 
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The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,1- 
a]isoquinolln-4-one (4) and 2-chloro-aniline as in Example 1 d. ^H-NMR (400 MHz, de- 
DMSO) 8 9.10 (br. 1H), 7.91 (brd. 1H), 7.70 (brd, 1H). 7.53 (dd. 1H). 7.37 {t, 1H). 7.21 (t. 
1H). 7.05-6.95 (2H), 6.55 (br. 1H), 3.97 (t. 2H). 3.84 (s, 3H) and 2.96 (t, 2H); MS (ESI) 
(M+H)* 354. 

Example 8. 2-f2.e-Dlmethvl-DhenvlaminoV9-methoxv-6,7-dihvdro-PVrimidor6,1- 
a1isoauinolin-4-one IIM 




The title compound was prepared from 2-chloro-9-methoxy-6.7-dihydro-pyrimido[6,1- 
a]isoquinolin-4-one (4) and 2.6-dimethyl-aniline as in Example 1 d. ^H-NMR as two 
isomeric mixture (400 MHz. de-DMSO) 6 8.96 and 8.87 (br, 1H). 7.75 and 7.29 (d, 1H). 
7.23-6.80 (5H). 6.37 and 5.33 (br, 1H), 3.96 and 3.92 (t. 2H). 3.84 and 3.78 (s, 3H). 2.95 (t, 
2H) and 2.18 and 2.16 (s, 6H); MS (ESI) (M+H)* 348. 

Example 9. 2«f2>Bromo"6-tluoro-phenvlamlno)-9-methoxv-6>7-dlhvdro- 
Pvrlmidor6.1-a1ISQaulnolln-4-one (IW 
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The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6.1- 
a]isoquinolin-4-one (4) and 2-bromo-6-fluoro-aniline as in Example 1 d. ^H-NMR (400 
MHz. de-DMSO) 5 9.26 (br. 1H), 7.72 (br, 1H), 7.57 (brd. 1H), 7.34 (br 2H), 7.05-6.95 (2H), 
6.37 (br. 1H), 3.94 (t, 2H), 3.84 (s, 3H) and 2.96 (t, 2H); MS (ESI) (M+H)* 416. 418. 

Example 10. 2-f3-Mettioxv-DhenvlamlnoV-9-inethoxv-6.7<llhvdro-pvrlmldor6.1- 
a1lsoauinolin-4-one (in 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,1- 
a]isoquinolin-4'-one (4) and 3-methoxyaniline as in Example 1 d. ^H-NMR (400 MHz, de- 
DMSO) 5 9.59 (s, 1H), 7.68 (d, 1H), 7.52 (br. 1H). 7.30 (d. 1H), 7.23 (t. 1H), 7.05-6.95 (2H). 
6.63 (dd. 1H), 6.35 (s, 1H). 3.98 (t. 2H). 3.84 (s. 3H). 3.75 (s, 3H) and 2.96 (t, 2H); MS 
(ESI) (M+H)* 350. 

Example 11. 2>(2'Hvdroxv-6-methvl-phenvlamlnoV'9«methoxv-6.7-dlhvdro* 
pvrimidor6.1-a1l3oquinolln-4-one Ilk) 
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The title compound was prepared from 2-chloro-9-methoxy-6.7-dihydro-pyrimido[6,1- 
a]isoquirK>lin-4-one (4) and 2-hydroxy-6-methyJ-aninne as in Example 1 d. 'H-NMR (400 
MHz. de-DMSO. at 60»C) 8 9.39 (br, 1H), 8.60 (br, 1H), 7.61 (br. 1H). 7.05-6.95 {3H), 6.75 
(d, 1H). 6.73 (d. 1H), 6.34 (br. 1H). 3.95 (t, 2H), 3.83 (s. 3H). 2.95 (t, 2H), and 2.19 (s. 3H); 
MS (ESI) (M+H)* 350. 

Example 12. 9-Methoxv-2-f4>mettioxv-blphenvl-3-vlamino^6.7-dihvdro- 
pvrimidor6.1-alisoaulnolln-4-one(in 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrlmido[6,1- 
alisoquinolin-4-one (4) and 3-amino-4-methoxy-biphenyl as In Example 1 d. ^H-NMR (400 
MHz. de-DMSO) 8 8.85 (s. IN). 8.55 (br. 1H). 7.70 (d. 1H). 7.60 (d. 2H). 7.46 (t, 2H). 7.38 
(dd, 1H), 7.33 (t, 1H), 7.16 (d, 1H). 7.02 (dd, 1H), 6.98 (d, 1H), 6.72 (br. 1H). 3.97 (t. 2H). 
3.91 (s, 3H). 3.84 (s, 3H) and 2.96 (t. 2H): MS (ESI) (M+H)* 426. 

Example 13. 3-<9-Methoxv-4-oxo-6.7-dlhvdro^H-PVri midor6.1-a1iaoauinolin-2- 
vlamlnoVbenzolc acid ethvl ester flm) 



27 



TC00003P 




The title compound was prepared from 2-chloro-9-methoxy-6,7-clihydro-pyrimido[6.1- 
a]isoquinolin-4-one (4) and S-amino-benzoic acid ethyl ester as In Example 1 d. ^H-NMR 
(400 MHz, de-DMSO) 5 9.84 (s» 1H). 8.26 (s, 1H). 8.21 (d, 1H). 7.70 (d, 1H), 7.62 (d. 1H), 
7.49 (t, 1H), 7.05-6.97 (2H). 6.36 (s. 1H). 4.33 (q, 2H). 3.99 (t, 2H), 3.85 (s. 3H). 2.97 (t. 
2H) and 1 .34 (t. 3H); MS (ESI) (M+H)* 392. 

Example 14. 9-Methoxv-2-(2-methoxv-phenvlaminoV6.7-dih vdro-Pvrlmidor6,1- 
a1isoQuinolin-4-one fin) 




The title compound was prepared from 2-chloro-9-methoxy-6.7-dihydro-pyrimido[6,1- 
a]isoquino!in-4-one (4) and 2-methoxy-aniline as In Example 1 d. ^H-NMR (400 MHz, de- 
DMSO) 5 8.74 (s. 1H). 8.24 (br, 1H), 7.69 (d, 1H), 7.12-6.92 (5H), 6.70 (br, IN), 3.97 (t, 
2H), 3.87 (s, 3H), 3.84 (s, 3H) and 2.96 (t, 2H); MS (ESI) (M+H)^ 350. 

Example 1 5. 9-Methoxv-2-(2-trmuoromethvl-phenvlamino>-6.7-dihvdro- 
pvrlmldors.l -a1isoauinolin-4-one (to) 
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The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimidot6,1- 
alisoquinolin-4-orie (4) and 2-trifIuoromethyl-aniline as in Example 1 d. 'H-NMR (400 MHz, 
de-DMSO) 8 9.10 (br, 1H), 7.90-7.35 (5H), 6.98 (2H), 6.42 (br, 1H). 3.94 (brt. 2H). 3.83 (s, 
3H) and 2.95 (t, 2H); MS (ESI) (M+H)^ 388. 

Example 18. 2-l4-Chioro-2.6-dimethvl-DhcnvlaminoV9-methoxw ^.7-«Hhvdrc»- 
pvrlmidor6.1-a1i8oaulnoHn-4-one IId\ 




The title compound was prepared from 2-chloro-9-melhoxy-6.7-dihydro-pyrimido[6,1- 
a]isoquinolin-4-one (4) and 4-Chloro-2,6-dimethyl-aniline as in Example 1 d. ^H-NMR (400 
MHz, de-DMSO) 8 8.73 (br, 1H), 7.72 (br, 1H). 7.19 (s. 2H), 7.03-6.95 (2H). 6.36 (br, IN), 
3.95 (t, 2H). 3.85 (s, 3H), 2.96 (t, 2H) and 2.18 (s, 6H); MS (ESI) (M+H)* 382. 

Example 17. 9-Methoxv-2-fqulnoiin-5-vlamlnoV-6.7-dlhvdro-Pvr imldor6.1- 
a1isoqulnoiin-4-one f iq) 
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The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,1- 
a]isoquinolin-4-one (4) and 5-amlno-quinoline as in Example 1 d. ^H-NMR (400 MHz, de- 
DMSO) 5 9.68 (br. 1H), 8.93 (dd. 1H), 8.47 (d, 1H), 7.89 (2H), 7.79 (t. 1H). 7.70 (d, 1H). 
7.57 (dd. 1H), 7.03-6.97 (2H), 6.49 (br, 1H), 3.97 (t. 2H), 3.84 (s, 3H) and 2.97 (t. 2H); MS 
(ESI) (M+Hr371. 

Example 18. 2-(2«Chloro-5-methoxv-PhenvlamlnDV9-methoxv-6,7-dlhvdro- 
Dvrimidof6.1>a1isoauinolin-4-one firt 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,1- 
a]isoqulnolin-4-one (4) and 2-chloro-5Hmethoxy-anlline as in Example 1 d. 'H-NMR (400 
MHz, de-DMSO) 8 8.99 (br, 1H), 7.76-7.60 (2H), 7.42 (d 1H), 7.05-6.95 (2H), 6.80 (dd. 1H), 
6.60 (s. 1H)r3.97 (t, 2H), 3,84 (s. 3H). 3.76 (s, 3H) and 2,96 (t, 2H); MS (ESI) (M+H)* 384. 

Example 19. 2-rN'-(2-Bromo-PhenvlVhvdrazlno1-9-methoxv-6,7-dihvdro- 
pvrlmidor6.1-a1lsoQuinolm-4-one fls^ 
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The title compound was prepared from 2-chIoro-9-methoxy-6,7-dihydro-pyrimidot6,1- 
a]isoquinolin-4-one (4) and {2-bromo-phenyl)-hydrazine as in Example 1 d. ^H-NMR (400 
MHz. de-DMSO at 60^C) 5 9.19 (br. 1H), 7.66 (brd. 1H), 7.46 (d, 1H). 7.44 (br, 1H). 7.20 (t. 
1H). 6.98-6.75 (3H), 6.71 (t. 1H), 6.23 (s, 1H), 3.94 (t, 2H), 3.82 (s. 3H) and 2.93 (t. 2H); 
MS (ESI) (M+Hf 413,415. 



Example 20. 9-Methoxv-24N'-methvl-N'-phenvl-hvdrazlnoV-6.7"dihvdro- 
Dvrimldor6.1-a11soauinoHn-4-one (It) 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,1- 
a]isoquinolin-4-one (4) and N-methyl-N-phenyl-hydrazine as in Example 1 d. ^H-NMR (400 
MHz, de-DMSO at 60°C) 8 9.12 (br. 1H). 7.68 (d, 1H), 7.22 (t. 2H). 6.95-6.75 (5H), 6.24 (s, 
1H), 3.96 (br, 2H), 3.82 (s. 3H), 3.16 (s, 3H) and 2.94 (t, 2H); MS (ESI) (M+H)* 349. 



Example 21. 2-<2-Amlno-ethvlaminoV-9-methoxv-6.7-dihvdro-pvrimidor6.1- 
a1isoauinolin"4-one (\u) HCI salt 
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The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6.1- 
ali8oquinolin-4-one (4) and N-Boo-ethylenediamine as in Example 1 d, followed by 
treatment with HCI. ^H-NMR as mixture of two Isomers (400 MHz, de-DMSO) 5 9.25-8.40 
(1H). 8.32 and 7.70 (d. 1H). 8.12 and 8.02 (br, 3H), 7.07-7.00 (m. 2H). 6.80 and 6.33 (s. 
1H), 4.04 and 3.98 (t, 2H), 3.88 and 3.85 (s, 3H), 3.80 and 3.61 (q. 2H) and 3.08-2.94 
(4H); I^S (ESI) (M+Hf 287. The spectrum acquired at 333K showed single Isomers. 

Example 22. 9-Methoxv-2-f2-Dvrrolldin-1-vl-ethvlamlno^-6.7"dihvdro- 
pvrimldo[6,1-a1lsoquinolln-4-one IM HCI salt 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dih^ro-pyrimido[6,1- 
alisoquinolin-4-one (4) and 2-pyn^lidin-1-y!-ethylamine as in Example 1 d, followed by 
treatment with HCI. ^H-NMR (400 MHz, dg-DMSO) 5 7.64 (d, 1H), 7.59 (br. 1H), 7.00-6.92 
(2H), 6.18 (s, 1H), 3.92 (t, 2H). 3.82 (s. 3H). 3.46 (m. 2H). 2.91 (t. 2H). 2.90-2.50 (6H) and 
1 .76 (4H); MS (ESI) (M+H)* 341 . 

Example 23. 2-(2-Dlmethvlamino-ethvlaminoV-9-methoxv-6.7-dihvdro- 
Dvrimidor6.1-a1lsoguinolin-4-oneflw> 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,1- 
a]isoquinolin-4-one (4) and 2-dimethylamino-ethylamine as in Example 1 d. ^H-NMR (400 
MHz. ds-DMSO) 8 7.81 (br, 1H). 7.78 (d, 1H), 7.01-6.95 (2H), 6.16 (s. 1H). 3.94 (t, 2H). 
3.83 (s, 3H), 3.62 (br. 2H). 3.21 (br. 2H), 2.93 (t. 2H) and 2.83 (s. 6H); MS (ESI) (M+H)* 
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315. 



ExampI 24. 2-f2-Hvdroxv- thvlamlnoV>9-methoxv-6,7-dihvclro-Dvrimidor6,1- 
a1lsoQulno1ln-4-one IM 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6.1- 
a]isoquinolin-4-one (4) and 2-hydroxy-ethylamine as in Example 1 d. ^H-NMR (400 MHz, 
de-DMSO) 8 7.62 (d 1H), 7.54 (t, 1H), 7.00-6.93 (2H), 6.17 (s, 1H). 4.85 (t, 1H), 3.91 (t, 
2H), 3.82 (s» 3H) 3.50 (q. 2H), 2.91 (t, 2H) and 2H were overlapped with HzO; MS (ESI) 
(M+Hr288. 

Example 25. 9-Methoxv->2>rf2-methoxv-ethvlVmethvl-amino1-6,7'dihvdro- 
pvrimidor6,1-a1isoauinoHn-4-one (Iv) HCI salt 




xHCI 



The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,1- 
alisoquinolin-4-one (4) and (2-methoxy-ethyl)-methyl-amine as in Example 1 d, followed 
by treatment with HCI. ^H-NMR (400 MHz, de-DMSO, at 60**C) 5 8.07 (d, 1H), 7.03-6.95 
(2H). 6.56 (s. 1H), 4.00 (t, 2H), 3.86 (s, 3H), 3.86 (2H overlapped), 3.58 (t, 2H). 3,29 (s, 
3H). 3.25 (s, 3H) and 3.00 (t. 2H); MS (ESI) (M+H)* 316. 

Example 26. 9-Methoxv-2-(4-methoxv-benzvlamlno>-6,7-dihvdro-pvrimidor6,1- 
a1isoaulnolln-4-one (Iz^ 
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The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,l- 
a]isoquinolin-4-one (4) and 4-methoxy-ben2ylamine as in Example 1 d. ^H-NMR (400 
MHz, de-DMSO) 8 7.89 (t, 1H). 7.63 (d, 1H), 7.25 (d. 2H), 7.0-6.93 (2H). 6.90 (d, 2H), 6.16 
(s, 1H), 4.45 (d, 2H). 3.92 (t. 2H), 3.82 (s. 3H). 3.73 (s, 3H) and 2.92 (t, 2H); MS (ESI) 
(M+H)* 364. 

Example 27. 9-Methoxv-2-(3-methoxv-benzvlaminoV6,7-dihvdro-pvrimidor6.1- 
allsoaulnolliv4"One flaa> 




The title compound was prepared from 2-chlorO'-9-methoxy-6,7-dihydro-pyrimido[6.1- 
a]lsoqulnolin-4-one (4) and 3-methoxy-benzylamine as in Example 1 d. ^H-NMR (400 
MHz. de-DMSO) 5 7.95 (t, 1H), 7.65 (d. 1H), 7.25 (t. 1H). 7.00-6.85 (4H). 6.82 (dd, 1H), 
6.19 (s, 1 H), 4.50 (d. 2H). 3.92 (t, 2H). 3.82 (s, 3H). 3.74 (s, 3H) and 2.92 (t. 2H); MS (ESI) 
(M+H)* 364. 



Example 28. 3-Bromo*N-r3-(9-methoxv-^-oxo-6.7-dihvdro-4H-pvrlmidor6.1- 
a1l8oaulnolln-2-vlamlno>-phenvn-benzamide flab) 
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a. 2-f3>Nltro-phenvlamlnoV-9-methoxv-6,7<lihvdro-pvrirnidor6,1-a1isoaulnoHn- 
4-one (5^ 




The title compound was prepared from 2-chloro-9-methoxy-6,7-dihydro-pyrimido[6,1- 
a]isoquinolin-4-one (4) and 3-nitro-aniline as in Example 1 d. ^H-NMR (400 MHz. de- 
DMSO) 5 10.10 (s, 1H), 8.87 (s, 1H), 8,13 (d, 1H). 7.88 (m, 1H). 7.73 (d. 1H). 7.63 (t, 1H), 
7.02 (m. 2H), 6.38 (s. 1H). 4.01 (t, 2H). 3.85 (s, 3H) and 2.99 (t. 2H); MS (ESI) (M+H)* 365. 

b. 2-f3-Amlno-Phenvlanfilnol-9-nfiethoxv-6,7-dlhvdro-Dvrlmldor6,1- 
a1lsoauinolln-4-one ISi 




To a solution of 2-{3-nitro-phenylamino)-9-methoxy-6,7-dlhydro-pyrimido[6,1-a]isoquinolin- 
4-one (5) (525.4 mg. 1 ,4 mmol) in AcOH (40 mL), Zn powder (ca. 300 mg) was added and 
stirred at room temperature for 3 tirs, then at 40°C overnight. After cooling. MeOH was 
added to the mixture and insoluble materials were removed by filtration. The MeOH 
solution was purified on BondElut® SCX (Varian Incorporated) then passed through 
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BondElut® NH2 (Variant Incorporated). Result solid was washed with MeOH to give the 
title compound (215.1 mg. 46%). MS (ESI) (M+H)^ 335. 

c. 3-Bromo-N43-(9-methoxv«4-oxo-6,7-dlhvdro-4H-pvrlmidor6-1-a1l8oaulnolln-2-' 
vlamlnoVphenvn-benzamlde (laM 




To a mixture of 2-(3-amlno-phenylamlno)-9-methoxy-6,7-dihydro-pyrimldo[6,1- 
a]isoqulnolln-4-one (6) (20.0 mg. 0.06 mmol) in THF (2 mL), triethylamine (13 jiL, 0.09 
mmol) and 3-bromobenzoylchloride (10 (xL, 0.07 mmol) was added and stirred at SO^'C for 
2hrs. The mixture was quenched with concentrated HCI and purified on BondElut® SCX 
(Varian Incorporated). Fomied solid was washed with CH2CI2 to give the title compound 
(25.3 mg, 81%). ^H-NMR (400 MHz, d^-DMSO) 5 10.43 (s, 1H), 9.68 (s, 1H), 8.15 (t. 1H), 
8.08 (s, 1H), 7.97 (dt, 1H), 7.81 (ddd, 1H). 7.75 (brd. 1H), 7.70 (d. 1H). 7.51 (t, 1H), 7.36 
(dt, 1H). 7.31 (t. 1H). 7.05-6.98 (2H), 6.42 (s. 1H). 3.99 (t. 2H), 3.84 (s. 3H) and 2.97 (t, 
2H); MS (ESI) (M+H)* 517. 519. 

Example 29. Cvclopentanecarboxvlic acid r3-(9'methoxv-4-oxo-6.7-dihvdro-4H- 
pvrimidor6.1 >arisoaulnolin-2-vlam[noVDhenvn-amideflart 
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The title compound was prepared from 2-(3-amino-phenylamino)-9-methoxy-6,7-dihydro- 
pyrimido[6,1-a]isoquinolin-4-one (g) arid cyclopentanecarbonyl chloride according the 
method described in Example 28 c. ^H-NMR (400 MHz. de-DMSO) 5 9.92 (s. 1H), 9.66 (br, 
1H). 7.91 (s, 1H). 7.69 (d, 1H), 7.57 (br, 1H), 7.28-7.20 (2H). 7.05-6.97 (2H), 6.40 (s, 1H). 
3,98 (t, 2H), 3.84 (s, 3H), 2.97 (t, 2H). 2.80 (m, 1H) and 1.92-1.50 (8H); MS (ESI) (M+H)* 
431. 

Example 30. 3-Bromo-N-f3-f9-methoxv-4-oxo-6.7-dlhvdro-4H-Dvrlmidor6.1- 
aHsoauinoHn-2-vlaminoVphenvn-benzenesulfonamideflad) 




The title compound was prepared from 2-(3-amino-phenylamino)-9-methoxy-6,7-dihydro- 
pyrimido[6,1-alisoquinolin-4-one (g) and 3-bromo-benzenesulfonyi chloride accoiding to 
the method described in Example 28 c. ^H-NMR (400 MHz. de-DMSO) S 10.47 (br. 1H). 
9.62 (s. 1H), 7.95 (t. 1H), 7.91 (dt, 1H). 7.83 (ddd. 1H). 7.68 (d. 1H). 7.62-7.54 (2H). 7.53 
(t, 1H), 7.18 (t. 1H), 7.05-6.97 (2H), 6.71 (dd. 1H), 6.34 (s. 1H). 3.99 (t, 2H), 3.84 (s. 3H) 
and 2.97 (t, 2H); MS (ESI) (M+H)"^ 553, 555. 
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ExampI 31. 2-Methoxv-N-f9-methoxv-4^oxo^-7-dihvdro-4H'Pvriitiiclor6,1 
allsoaulnolln-2-vlVacetamide Hae^ 




4 7 laf 

a. 2-Amlno-9-methoxv-6,7<ilhvdro-pvrlmldor6,1«a1lsoaulnolln-4-onef7) 




To a suspension of 2-chloro-9-methoxy-6,7-clihydro-pyrimidoI6,1-alisoquinorm-4-one (6) 
(919 mg, 3.5 mmol) in NHa/EtOH (7 mL) was stinred in an autoclave at 120*C overnight. 
After cooling, the precipitate was filtered and washed with MeOH to give the title 
compound (898.3 mg. quant.). 1H-NI\/IR (400 MHz. d6-DMSO) 5 7.99 (b. 1H), 7.71 (d, 1H), 
7.44 (b, 1H), 7.01 (dd, 1H), 7.00 (s, 1H), 6.22 (s. 1H), 3.95 (t. 2H), 3.85 (s. 3H) and 2.97 (t. 
2H); MS (ESI) (M+H)+243. 

b. 2.4.6-Trlchloro-N-(9-methoxv-4-oxo-6.7-dihvdro-4H-Pvrimldor6,1- 
a1isoaulnolln-2-vn-benzamlde flae) 




To a suspension of 2-amino-9-methoxy-6,7-dihydro-pyrimido[6,1-a]lsoquinolin-4-one (7) 
(40 mg. 0.18 mmol) in CHCIg (3 mL). DMAP (30.1 mg. 0.24 mmol) and 2,4,6- 
trichlorobenzoyl chloride (37.5 uL , 0.24 mmol) was added and stinted at 25°C ovemight. 
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After cooling, the mixture was purified on BondElut® SCX (Varian Incorporated) then 
column chromatography on silica gel (CHCl3/MeOH=50/1 as eluant) to give the title 
compound (17.1 mg, 24%). ^H-NMR (400 MHz, CDCI3) 5 7.90 (d, 1H). 7.42 (s. 2H), 6.95 
(dd. 1H), 6.82 (d, 1H), 4.27 (t, 2H). 3.90 (s, 3.17) and 3.03 (t. 2H); MS (ESI) (M+H)* 449. 

Example 32. 2-Methoxv-N-(9-methoxv-4-oxo^,7"dlhvdro-4H"PVrimldor6.1" 
aHsoQulnolln-'2-vlVacetamlde daft 




The title compound was obtained from 2-aniino-9-methoxy-6,7-dihydro-pyrimido[6,l- 
a]isoquinolin-4-one (7) and methoxy-acetyl chloride according to the process described in 
Example 31 b. 'H-NMR (400 MHz, d,-DMSO) S 7.76 (d, IH), 7.61 (s, IH), 7.03 (dd, IH), 7.02 
(s. IH), 4.10 (s, 2H), 4.06 (t, 3H), 3.85 (s, IH) and 3.00 (t, 2H); MS (EST) (M+H)* 315. 



Biological Methods and Data 

As demonstrated by the representative compounds in Tables 1 and 2, the compounds 
of the present invention have valuable pharmacological properties due to their ability 
to inhibit hYAKS and/or MK2 kinase enzymes. The following are assay methods for 
measuring hYAKS and MK2 inhibitory activity, respectively. 
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YAK3 Scintillation Prmrimi ty Assays Using Serl64 of My ^^'" Ung jc Protein 
as the phosphoacceptor 

The source of Serl64 substrate peptide The biotinylated Serl64, S164A 
peptide(Biotinyl -LGGRDSRAGS*PMARR.OH ), sequence derived ftx)m the C- 
terminus of bovine myelin basic protein (MBP) with Serl62 substituted as Alal62, 
was purchased from California Peptide Research Inc. (Napa, CA), and its purity was 
determined by HPIXJ. Phosphorylation occurs at position 164 (marked S* above). 
The calculated molecular mass of the peptide was 2166 dalton. Solid sample was 
dissolved at 10 mM in DMSO, aliquoted, and stored at -20 \mtil use. 

The source of enzvme : 
hYAK3: Glutathione-S-Transferase (GST)-hYak3-His6 containing amino acid 
residues 124-526 of human YAKS (aa 124-526 of SEQ ID NO 2. in US patent no. 
6,323,318) was purified from baculovirus expression system in Sf9 cells using 
Glutathione Sepharose 4B column chromatography followed by Ni-NTA-Agarose 
column chromatography. Purity greater than 65% typically was achieved. Samples, in 
50 mM Tris, 150 mM NaCl, 10%glycerol, 0.1% Triton, 250 mM imidazole, 10 mM p- 
mercapto ethanol, pH 8.0. were stored at -80 ""C until use. 

Kinase assay of purified hYAK3 : Assays were performed in 96 well (Costar, 
Catalog No. 3789) or 384 well plates (Costar, Catalog No. 3705). Reaction (in 20, 25, 
or 40 \!l volume) mix contained in final concentrations 25 mM Hepes buffer, pH 7.4; 
10 mM MgCl2; 10 mM p-mercapto ethanol; 0.0025% Tween-20; 0.001 mM ATP, 0.1 

\iCi of [Y-33p]ATP; purified hYAK3 (7-14 ng/assay; 4 nM final); and 4 nM Serl64 
peptide. Compounds, titrated in DMSO, were evaluated at concentrations ranging 
from 50 pM to 0.5 nM. Final assay concentrations of DMSO did not exceed 5%, 
resulting in less than 15% loss of YAK3 activity relative to controls without 
DMSO. Reactions were incubated for 2 hours at room temperature and were 
stopped by a 75 ul addition of 0.19 ng Streptavidin Scintillation Proximity beads 
(Amersham Pharmacia Biotech, Catalog No. RPNQ 0007) in PBS, pH 7.4, 10 mM 
EDTA, 0.1% Triton X-100, 1 mM ATP. Under the assay conditions defined above, 
the Kin(apparent) for ATP was determined to be 7.2 +/- 2.4 )iM. 



Table 1 



Example No. compounds 


pICso values 


la 


++ 


Iw 


+ + 


Iz 


+ 


le 


+ 
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Legend 



pICso values 


Symbol 


7.0 - 7.99 




6.0 - 6.99 


+ 



pICso = -logioOCso) 



MAPKAP2 K^ii5^fif^ ( MK2) Enzvme Assay 



Compounds are tested for MAPKAP2 kinase (MK2) inhibitory activity in an assay that 
measures the MK2 catalyzed transfer of the Y-phosphate from ATP to serine/threonine residues 
of a biotinylated peptide [NH2-K(biotin)-KLNRTLSVA (SynPep Corporation, USA)]. 
Compounds under analysis are dissolved in DMSO to ImM and serially diluted 3-fold with 
DMSO in 96 or 384-well polypropylene or polystyrene plates for a total of 10 - 12 different 
concentrations. One uL of each concentration is transferred to the corresponding well of a 96 
or 384-well, white, polystyrene assay plate. Reactions are performed in a final volume of 26 
uL. An ATP solution (10 uL) is added to each well, and the reaction is initiated by the addition 
of a MK2/peptide mix (15 uL). The ATP solution is made in H2O and consists of 2.6 
nonradioactive ATP (SigmaUltra) and 6.5 uCi/mL [y-^^P]-ATP (Amersham Pharmacia 
Biotech). The MK2/peptide mix consists of 86.7 mM HEPES (SigmaUltra), pH 7.5, 8.67 mM 
MgCl2 (SigmaUltra), 0.0043% Tween 20, 1.73 mM dithiothreitol (added fresh from frozen IM 
stock), 1.73 nM peptide, and 1 .73 nM purified recombinant MK2. Final concentrations of the 
assay components are 50 mM HEPES, pH 7.5, 5 mM MgCh, 0.0025% Tween 20, 1 mM 
dithiothreitol, 1 \jM ATP, 2.5 jiCi/mL [y-"P]-ATP, 1 ^iM peptide substrate, and 1 nM MK2. 
The reaction is allowed to proceed for 40 minutes and is then terminated by the addition of 
•stop solution* (20 uL), followed by the addition of 'bead mix' (50 uL). The 'stop solution* 
consists of 50mM HEPES, pH 8, 2.30mM nonradioactive ATP, and 0.23M EDTA, and the 
'bead solution' is PBS containing 3 mg/mL streptavidin-coated poly vinyltolucne SPA beads 
(Amersham Pharmacia Biotech). Under these conditions with no inhibitor, the reaction 
consumes approximately 15 percent of the peptide substrate and ATP. The plates are allowed 
to sit for approximately 8 hours and then are quantitated using a TopCount NXT™ (Packard). 
Alternatively, the plates are allowed to sit for at least approximately 1 hour, centrifuged at 900 
rpm for 3 minutes, and then quantitated using a TopCount NXT^** (Packard). Controls are 
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located within each assay plate, where the positive controls (signal max) contain luL of DMSO 
without compounds and the negative controls (signal min) contain luL of DMSO without 
compounds and an additional 4.5 uL of 0.S M EDTA, pH 8 (Invitrogen Corporation, 
GIBCO^")- Percent inhibition of MK2 activity is calculated for each compound concentration 
using Equation [1] 



where signal sample is the signal observed in a particular sample well containing compound and 
signal and signal nnn are defined above. The values used for signal and 
signal nan ai^ averages of the corresponding control wells included within each plate. The data 
for each compound dose response is plotted as percent inhibition (y) versus compound 
concoitration (x) and fitted by nonlinear regression to Equation [2]: 



where Y2 is the baseline percent inhibition, V„ax is the net maximum percent inhibition 
(baseline subtracted), and K is the IC50. Under the described assay conditions, the ATP 
concentration is well below the apparent ATP Km, so ICso values are approximately equal to 
values. The results for each compound are recorded as pICso* calculated using Equation [3]. 




(1) 




(2) 



pIC^-AogjICs^ 



(3) 
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Table 2 



Example No. compounds 


pICso values 


Iv 




ly 




If 


+ 



Legend 



pICso values 


Symbol 


7,0 - 8.0 


++ 


5.00 - 6.99 





Utility of the Present Invention 

The above biological data clearly shows that the compounds of formula I are useful for 
treating or preventing disease states in which hYAK3 and/or MK2 proteins are 
implicated including, but not limited to, neutropenia; cytopenta; anemias, including 
anenuas due to renal insufficiency or to a chronic disease, such as autoimmunity or cancer, and 
drag-induced anemias; polycythemia; myelosuppression; rheumatoid arthritis; COPD; asthma; 
psoriasis; acute neuronal injury; heart failure; stroke, osteoarthritris; and ischemia reperfusion 
injury. 

The compounds of formula I are especially useful in treating diseases of the 
hematopoietic system, particularly anemias. Such anemias include an anemia 
selected from the group comprising: aplastic anemia and myelodysplastic syndrome. 
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Such anemias also include those wherein the anemia is a consequence of a primary 
disease selected from the group consisting of: cancer, leukemia and lymphoma. Such 
anemias also include those wherein the anemia is a consequence of a primary disease 
selected from the group consisting o£ renal disease, failure or damage. Such anemias 
include those wherein the anemia is a consequence of chemotherapy or radiation 
therapy, in particular wherein the chemotherapy is chemotherapy for cancer or AZT 
treatment for HIV infection. Such anemias include those wherein the anemia is a 
consequence of a bone marrow transplant or a stem cell transplant. Such anemias also 
include anemia of newborn infants. Such anemias also include those which are a 
consequence of viral, fungal, microbial or parasitic infection. 

The compounds of formula I are also useful for enhancing normal red blood cell 
numbers. Such enhancement is desirable for a variety of pxirposes, especially medical 
purposes such 33 preparation of a patient for transfusion and preparation of a patient 
for surgery. 
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What is claimed is: 

1. A compound of the formula I, or a salt, solvate, or a physiologically functional 
derivative thereof 




in which 

Rl is hydrogen, -NH2, or Ci^alkyl; 
R2 is hydrogen; or 



R2 is a radical of the formula 



in which W is a bond, -CH2-, -CH2CH2-, -C(=0)-, -NCH3-, or -NH-; 

R is Ca ecycloalkyl, Ci-ealkyl, hydroxy, -NH2, (Ci^alkyl)2N-, Ci-ealkylO-, 
Ci-6alkylOCH2-, phenyl optionally and independently substituted with one to 
three Ci^alkyl, halogen, Ci-ealkylO-, Ci^alkylOC(=0)-, acetyl, NH2C(=0)-, 
FSO2-, -CF3, NH2SO2-, dimethylamino; HOCH2-, CH3NHC(=0)-, hydroxy, 
phenyl; or 

R is a radical of the formula 
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provided that W cannot be CH2 when point of attachment of R to W is oxygen 
or nitrogen. 



R2 is a radical of the formula 

m which W is a bond, •CH2-, .CH2CH2-, -C(=0)-, -NCH3-, or -NH-; 

R is Ci.6alkyl, hydroxy, -NH2, (Ci^alkyl)2N-, Ci^alkylO-, Ci^alkylOCH2-, 
phenyl optionally and independently substituted with one to three Ci-ealkyl, 
halogen, Ci ealkylO-, Ci.6alkylOC(=0)-, -CF3, NH2SO2-, hydroxy, phenyl; or 

R is a radical of the formula 



2. 



The compounds of formula I of claim 1 in which 



Rl is hydrogen, or Ci^alkyl; 
R2 is hydrogen; or 
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provided that W cannot be CH2 when point of attachment of R to W is oxygen 
or nitrogen. 

3. A method of inhibiting hYAK3 and/or MK2 proteins in a mammal; 
comprising, administering to the mammal a therapeutically effective amount of a 
compound of claim 1 or 2, or a salt, solvate, or a physiologically functional derivative 
thereof. 

4. A method of treating or preventing a disorder selected from the group 
consisting of neutropenia; c3rtopenia; anemias, including anemias due to renal 
insufficiency or to a chronic disease, such as autoimmunity or cancer, and drug- 
induced anemias; polycythemia; myelosuppression; rheumatoid arthritis; COPD; 
asthma; psoriasis; acute neuronal injury; heart failure; stroke, osteoarthritris; and 
ischemia reperfusion injury; comprising, administering to a mammal a therapeutically 
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effective amount of a compound of claim 1 or 2, or a salt, solvate, or a physiologically 
functional derivative thereof and one or more of pharmaceutically acceptable carriers, 
diluents and exdpients. 

5. A compound of claims 1-4 that is 2-(2,6-dimetho3Qr-phenylamino)-9-methoxy- 
6,7-dihydro-pyrimido[6,l-a]isoquinolin-4-one. 

6. A compound of claims 1-4 that is 2-(lH-indazol-5-ylanuno)-9-methoxy-6,7- 
dihydro-pyrimido[6,l-alisoquinolin-4-one. 

7. A compound of claims 1-4 that is 9-metho3cy-2-(2-methoxy-&-methyl- 
phenylamino>^)7-dihydro-pyrimido[6,l-a]isoquinolin-4-one . 

8. A compound of claims 1-4 that is 2-(lH-indazol-6-ylamino)-9-methoxy-6,7- 
dihydro-pyrimido[6,l-a]isoquinolin-4-one. 

9. A compound of claims 1-4 that is 2-(2-bromo-phenyleanino)-9-methoxy-6,7- 
dihydro-pyriniido[6, 1-a] isoquinolin-4-one . 

10. A compound of claims 1-4 that is 3-(9-metho3q^-4-oxo-6,7-dihydro-4H- 
pyrimido[6,l-a]isoquinolin-2-ylamino)-benzenesulfonamide. 

11. A compound of claims 1-4 that is 2-(2-chloro-phenylamino)-9-methoxy-6,7- 
dihydro-pyrimido[6,l-a]isoquinolin-4-one. 

12. A compound of claims 1-4 that is 2-(2,6-dimethyl-phenylaniino)-9-methoxy- 
6,7-dihydro-pyrimido[6,l-a)isoquinolin-4-one.) 

13. A compound of claims 1-4 that is 2-(2-bromo-6-fluoro-phenylamino)-9- 
methoxy-6,7-dihydro-pyriimdo[6,l-a]isoquinolin-4-one. 

14. A compound of claims 1-4 that is 2-(3-methoxy-phenylamino)-9-methoxy-6,7- 
dihydro-pyrimido[6,l-a]isoquinolin-4-one. 
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A compound of claims 1-4 that is 2-(2-hydro3^-6-methyl-phenylamino)-9- 
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methoxy-6,7-dihydro-pyriinidol6A-a]isoquinolin-4-one 

16. A compound of claims 1-4 that is 9-metho3Qr-2-(4-metho3or-bipheiiyl-3- 
ylamino)-6J^lihydro-pyzimido[6»l-a]isoquinolin-4-oiie. 

17. A compo\md of claims 1-4 that is 3-(9-methoxy-4-oxo-6,7-dihydro-4H- 
pyrimido[6,l-a]isoquinolin-2-ylamino)-benzoic acid ethyl ester. 

18. A compound of claims 1-4 that is 9-metho3cy-2-(2-methoxy-phenylamino)-6,7- 
dihydro-pyrimido[6,l-alisoquinolin-4.one. 

19. A compoimd of claims 1-4 that is 9-methoxy-2-(2-trifluoromethyl- 
phenylamino)-6jHiihydro-pyrimidol6,l-a]isoqmnolin-4-one. 

20. A compoimd of claims 1-4 that is 2-(4-chloro-2,6-dimethyl-phenylamino)-9- 
metho^-6,7-dihydro-pyrimido[6,l-a]isoquinolin-4-one. 

21. A compound of claims 1-4 that is 9-metho3cy-2-(quinolin-5-ylamino)-6,7- 
dihydro-pyrimido[6,l-a]isoquinolin-4-one. 

22. A compound of claims 1-4 that is 2-(2-chloro-5-metho3Qr-phenylamino)-9- 
methoxy-6,7-dihydro-pyrimidoI6,l-a]isoqvdnolin-4-one. 

23. A compound of claims 1-4 that is 2-[N'-(2-bromo-phenyl)-hydrazino]-9- 
methoxy-6,7-dihydro-pyrimido[6,l-a]isoq\iinolin-4-one. 

24. A compound of claims 1-4 that is 9-methoxy-2-(N'-methyl-N'-phenyl- 
hydrazino)-6,7-dihydro-pyrimido[6,l-alisoquinolin-4-one. 

25. A compound of claims 1-4 that is 2-(2-amino-ethylamino)-9-methoxy-6,7- 
dihydro-pyrimido[6,l-a]isoquinolin-4-one. 

26. A compound of claims 1-4 that is 9-methoxy-2-(2-pyrroUdin-l-yl-ethylamino)- 
6,7-dihydro-p3rrimido[6,l-alisoquinolin-4-one. 
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27. A compound of claims 1-6 that is 2-(2-dimethylamino*ethylamino)-9-methoxy- 
6,7-dihydro-pyrimido[6,l-a]isoquinolin-4-one. 

28. A compound of claims 1-4 that is 2-(2-hydro3^-ethylamino)-9-methoxy-6,7- 
dihydro-pyrimido[6,l-a1isoquinolin-4-one. 

29. A compoimd of claims 1-4 that is 9-metho3cy-2-l(2-metho3syrethyl)-methyl- 
aimnol-6,7-dihydro-pyTimido[6,l-a]isoquinolin-4*one. 

30. A compound of claims 1-4 that is 9-metho3^-2-(4-metho3or-benzylamino)-6,7- 
dihydro-pyrimido[6,l-a]isoquinolin-4-one. 

31. A compound of claims 1-4 that is 9-metho^-2-(3-methoxy-benzylamino)-6,7- 
dihydro-pyrimido[6,l-a]isoquinolin-4-one. 

32. A compound of claims 1-4 that is 3-bromo-N-[3-(9.metho3Qr-4-oxo-6,7-dihydro- 
4H-pyrimido[6,l-a]isoquinolin-2-ylamino)-phenyl]-benzamide. 

33 A compound of claims 1-4 that is cyclopentanecarboxyHc acid [3-(9-methoxy-4- 
oxo-6,7-dihydro-4H-pyrimido[6,l-alisoquinolin-2-ylamino)-phenyll-amide. 

34. A compound of claims 1-4 that is 3-bromo-N-[3-(9-methoxy-4-oxo-6,7-dil^dro- 
4H-pyrimido[6,l-alisoquinoUn-2-ylamino)-phenyl]-benzenesulfonamide. 

35. A compound of claims 1-4 that is 2-meflioxy-N-(9-methoxy-4-oxo-6,7.dihydro-4H- 
pyrimido[6,l-a]isoquinolin-2-yl)-acetamide. 

36. A compound of claims 1-4 that is 2,4,6-trichloro-N-(9-methoxy-4-oxo-6,7-dihydro-4H- 
pyrimido[6,l-a]isoquinolin-2-yl)-benzamide. 

37. A compoimd of claims 1-4 that is 2-methoxy-N-(9-methoxy-4-oxo-6,7-dihydro- 
4H-pyrimido[6,l-a]isoquinolin-2-yl)-acetamide. 
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ABSTRACT 

This invention relates to newly identified inhibitors of kinases for treating various 
disorders. 



